considerable changes in the framework geometry as confirmed by in situ single-crystal and powder x-ray diffraction measurements. The material is distinct in having a nanoporous host lattice chemistry ( pore size, shape, and electronic potential) that may be manipulated in a switchable fashion, in this case by the external stimulation of spin crossover by temperature variation. Conversely, the reversible exchange of guest species has been shown to provide a unique mechanism with which to conveniently perturb the geometry and electronic environment of spin crossover centers, introducing a previously unstudied approach for the systematic investigation of this phenomenon. We note here that the desorption and resorption of guest species promises to provide an additional stimulus for spin crossover, suggesting potential application in areas such as molecular sensing (change in the color, magnetism, size, shape, etc. of the host with guest sorption). In the longer term, it is anticipated that the inclusion of guest and template species with specific electronic functions into molecular lattices that have controllable switching, including communication between these switching centers through coordination linkages, may lead to more advanced materials having other unique and potentially useful physicochemical properties.
clinic, C2/c. For T ϭ {150(2), 25(2)} K: a ϭ {17.838(4), 17 .803(6)}; b ϭ {30.694(6), 30 .608(10)}; c ϭ {20.042(4), 19 .843(6)} Å, ␤ ϭ {90.016(4), 90.124(5)}, V ϭ {10973(4), 10813(6)} Å 3 , Z ϭ 8, (Mo-K␣) ϭ {0.735, 0.746} mm Ϫ1 . Data were collected on two separate crystals on a Bruker Smart 1000 CCD equipped with Mo-K ␣ ( ϭ 0.71073 Å) radiation and Oxford Instruments nitrogen gas and helium gas cryostreams. Full-matrix least squares refinement on Hydroacoustic data from the eastern equatorial Pacific reveal low-magnitude seismicity concentrated at the propagating tip of the Galapagos Rise in Hess Deep. The patterns of seismicity and faulting are similar to those observed in the process zone of laboratory-scale propagating tensile cracks. Because the fracture energy required for propagation scales with crack length and process zone size, it follows that ridges can propagate stably in the brittle crust without exceptional resisting forces as proposed by previous models based on linear elastic fracture mechanics.
Lithospheric rifting and mid-ocean ridge propagation are the processes by which ocean basins are formed on Earth. Ridge propagation traditionally has been studied using the linear elastic fracture mechanics (LEFM) approach, in which the ridge is idealized as a tensile crack in an elastic plate and propagation occurs when the stress at the tip reaches a critical value (1-3). Few studies of ridge propagation have relied on earthquake data, because ridge earthquake magnitudes typically lie below the ϳ4.5 moment magnitude (M w ) detection threshold of teleseismic networks. Hydroacoustic monitoring in the eastern equatorial Pacific Ocean (4), however, has recently provided long-term records of low-magnitude (M w ϳ 1.8 to 4.4) seismicity at the propagating tip of the Galapagos Rise in Hess Deep (Fig. 1 ). We present observations of hydroacoustic seismicity and faulting in Hess Deep, which provide an opportunity to study the dynamics of ridge propagation and to test models based on the LEFM approach. The Galapagos Rise is an intermediaterate (4.5 to 6.0 cm/year full rate) spreading center that is propagating at ϳ6.5 cm/year (5) into oceanic crust 300,000 to 1 million years old accreted at the fast-spreading (13.5 cm/ year full rate) East Pacific Rise (EPR). Regionally, the Galapagos Rise and EPR form a triple junction; however, multibeam bathymetry data show that the two ridges do not intersect (6) (Figs. 1 and 2 ). The Galapagos Rise volcanic ridge is identified as an elongate bathymetric high that reaches ϳ15 km into the 5.4-km-deep Hess Deep rift (Fig. 2) . Hess Deep is bounded by two major normal faulted margins and contains a northward- (7, 8) . Thin sediment cover (Ͻ10 to 20 m) has left rift structures well exposed (9) . Lithospheric extension has exposed sheared and serpentinized gabbro and peridotites along the rift valley walls (7, 8, 10, 11) and has produced an asymmetric morphology that is similar to continental rifts (5, 8) . Flexurally uplifted rift shoulders define the boundaries of Hess Deep and extend eastward along the triangular region of rough crust known as the Galapagos Gore (12) (Fig. 1A) . The gore margins are lined by depressions that may be remnants of prior Hess Deep-like grabens (7), suggesting that the Hess Deep rift is a steady-state structure at the tip of the propagating ridge.
Hydroacoustic data were acquired with an array of six autonomous moored hydrophones deployed in May 1996 (4, 13, 14) (Fig. 1) (Fig. 2) . A focal mechanism was not obtained; however, the sequence lies near a teleseismically recorded 1989 M w ϭ 5.3 strike-slip earthquake (17) that has a 343°N left-lateral strike-slip nodal plane that nearly parallels the 350°N trend of the Pacific-Cocos ridge, which suggests that it may have reactivated an abyssal hill fault. The unusually large magnitude of the 1998 mainshock, its location outside of the Hess Deep rift, and its proximity to the 1989 event suggest that the 1998 sequence may also have been a strike-slip event.
Seismicity at Hess Deep is diffuse Յ 20 km west of the rift, where EPR crust is undergoing initial brittle extension, and reaches a maximum density at the base of the rift (Figs. 2 and 3) . The seismicity trends east-west along the central rift axis and north of the intrarift ridge, and abruptly ends at 101°17ЈW. East of 101°17ЈW, seismicity clusters along the ridge and transform faults but is absent along the boundaries of the gore (Fig. 1) . Some seismicity in Hess Deep may be due to magmatism; however, time-series analysis (16) does not reveal swarm activity that is characteristic of magmatic events.
Focal mechanisms cannot be obtained from hydroacoustic data; however, we can better understand the seismicity patterns and the possible faulting mechanisms by calculating the Coulomb stress change due to extension at the Galapagos Rise (18 -22) (Fig. 4) . We modeled the Galapagos Rise and EPR as tensile cracks located at 1 km depth in an elastic half-space and calculated the dilatational strain and static stress change for normal and strike-slip faults due to opening by an amount equal to a typical dike width of 1 m (23). The tip of the Galapagos Rise is placed at the base of the rift tip depression (Fig. 4A) , where the lithosphere has extended sufficiently for extrusive volcanism to begin. Dilatational strain reaches Յ 20 km directly west of the crack tip and extends at angles of Ϯ60°toward the EPR (Fig. 4B) . Similarly, bathymetry data show deformation Յ 20 km west of Hess Deep and a V-shaped depression opening westward at the leading edge of Hess Deep (Fig. 4A) . Coulomb stress changes indicate regions where optimally oriented normal and strike-slip faults are brought closer to or further away from failure (Fig. 4, C  and D) . The maximum stress increase for strike-slip faults forms two broad lobes west of the rift tip. Left-lateral strike-slip faulting on north-south-oriented planes is promoted at the location of the 1989 strike-slip event and the 1998 mainshock-aftershock sequence northwest of Hess Deep (Fig. 4, A and C) , which supports our interpretation that these two events ruptured abyssal hill faults by left-lateral motion. The stress increase for normal faults is greatest Յ 20 km west of the rift and decreases to the east (Fig. 4D) , which is consistent with the high concentration of seismicity at the rift tip depression and an (Fig. 2) .
eastward decrease in seismicity (Fig. 3, C and  D) .
The spatial correlation between the Coulomb stress change models and the Hess Deep seismicity supports the model of the Galapagos Rise as an elastic tensile crack. The elastic assumption is applicable except at the immediate crack tip, where LEFM predicts an elliptical displacement taper and a stress singularity, which cannot be sustained in materials with finite yield strength (24, 25) . Distributed faulting and seismicity in Hess Deep and a linear taper in seafloor displacement (dipping ϳ14°) between the EPR crust and the rift tip depression (Fig. 3D) are direct indicators of inelastic deformation at the rift tip (26) .
Acoustic emission studies show that crack growth is controlled by a sequence of microcracking in the process zone, followed by coalescence and nucleation of the next increment of the propagating crack (27, 28) . We recognize analogs of the three phases of microcracking, nucleation, and propagation in the spatial distribution of seismicity and faulting in Hess Deep (Fig.  3, C and D) . Ridge propagation at the Galapagos Rise begins by loading the EPR crust under tensile stress and inducing fracturing and seismicity west of Hess Deep (Figs. 2 and 3) . The fractures dilate under low confining pressures of the shallow crust and enhance one another until they coalesce and nucleate crustal-scale normal faults (28) . The nucleation phase is expressed in Hess Deep by an increase in seismicity and large-offset normal faulting to the base of the rift (Fig. 3, C and D) . Magma rises through the rift floor as the ridge propagates, and seismicity continues until crustal extension is taken up entirely by seafloor spreading. The advancing ridge then bisects the rift, and each half is rafted toward the margins to form the depressions preserved along the boundary of the Galapagos Gore.
Hydroacoustic and morphologic evidence for process zone deformation in Hess Deep is inconsistent with LEFM models. We use the Griffith energy balance approach and consider the thermodynamic equilibrium between the mechanical work supplied and the energy consumed by the crack surface area (29) . The original Griffith formulation assumes that all of the mechanical energy goes into the crack surface area. At equilibrium, the critical failure stress f at which the crack will propagate is related to the crack half-length c by f ϭ (2E␥/c)
where E is Young's modulus and ␥ is the specific surface energy, the energy per unit area required to break atomic bonds (30) . This equation shows that f decreases with c and defines a point of unstable equilibrium at Aftershocks from the 1998 mainshock-aftershock sequence are separated from the total earthquake population (gray bars). We recognize three phases of rifting and ridge propagation, as labeled in (C).
which the crack will propagate catastrophically without limit. Studies of fault scaling relationships show that the work of lengthening the crack, expressed as the fracture energy G, increases linearly with c (24, 25, 30, 31) . The dependence of G on c means that ␥ is not a constant, as assumed by Griffith (29) , but scales with c:
(30), where is a function of lithology and confining pressure (30, 31) . Hence, the critical failure stress
is independent of c, and the crack may propagate stably. Energy originally thought to be driving runaway crack growth is actually creating microcracks within the process zone. Vermilye and Scholz (31) showed that process zone width scales linearly with c, which is evidence that G scales with c (30) . Previous investigators using the LEFM approach proposed that a viscous suction force due to reduced asthenospheric upwelling limited the ridge propagation rate (2, 33) . In addition to its analytical appeal, the viscous suction mechanism provided an explanation for the rift tip depression (2, 33) . Equation 3 shows, however, that neither viscous suction nor any other boundary conditions are necessary for stable propagation. The rift tip depression in Hess Deep may form simply by normal faulting and thinning of the EPR crust during the nucleation phase. Asthenospheric flow at the ridge tip may actually promote propagation by thermally weakening the crust (34 ) and driving hydrothermal circulation to create serpentinized shear zones that line the Hess Deep rift (35, 36 ) . 
